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Some factors affecting 
THE COMPOSITION OF MILK 
By K. NEEDHAM, B.Sc. (Agric), Dairying Division. 
FOR many years it has been known all over the world tha t the composition of milk varies. This variation in quality is considered as a serious problem wherever 
the dairy industry is established. 
In 1945 a relatively small investigation 
conducted in Western Australia showed a 
similar variation here. Interest and con-
cern in this subject has grown over the 
years, and the variation in the composition 
of milk is now one of the most important 
problems facing dairy farmers in this 
Sta te . 
WHY IS THE COMPOSITION OF MILK 
IMPORTANT? 
There are three major reasons why dairy 
farmers should be interested in this sub-
ject : 
1. Liquid milk supplied for human con-
sumption must measure up to certain 
s tandards. The fat content must not be 
less than 3.2 per cent, the solids-not-fat 
not less t h a n 8.5 per cent., and the total 
solids not less t han 11.7 per cent. 
2. Increasing interest is being shown in 
the question of payment for milk on a 
quality basis. If such a system were adop-
ted variations in the composition of milk 
could affect the livelihood of milk pro-
ducers. A knowledge of these variations is 
obviously important to the farmers who 
would be affected by this system, as well 
as to those responsible for its design. 
3. With the advent and expansion of 
artificial breeding of dairy cattle, a sire 
survey or sire evaluation scheme is needed 
to allow the best possible sires to be selec-
ted for the A.B. centres. 
The groundwork, in the form of heifer 
calf identification, has already begun. 
Grade and pure bred herd testing units 
have contributed a great deal of informa-
tion on performance in terms of butterfat 
production, and will continue to do so, but 
because of the increasing importance of 
the solids-not-fat figures, there must also 
be an increasing demand for knowledge 
of the ability of a bull to transmit charac-
teristics necessary for high production of 
solids-not-fat in milk. 
WEST AUSTRALIAN SURVEY 
For these reasons a survey is now being 
held to obtain more detailed information 
on the variation in composition of West 
Australian milk. 
The original survey conducted in 1945 
was restricted to one herd only. In the 
current survey a number of herds repre-
senting both dry land and irrigated farm-
ing conditions, and also the four main 
breeds of cattle, are included to give a 
better picture of the position. 
The 13 herds selected range geographi-
cally from Armadale to Waterloo. One of 
these is the herd at the Bundibup Re-
search Station, Wokalup. To give a 
comparison under rather extreme con-
ditions of dairying, the Muresk Agri-
cultural College herd is also included. 
The work is progressing well, but it is 
extremely time-consuming, and even after 
the field work has been completed later 
this year a great deal of data will have to 
be sifted and analysed before any con-
clusions can be reached. These conc-
clusions should eventually help to give 
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better control over variations in the com-
position of our milk. 
It is not intended that this survey will 
show means of overcoming the difficulty 
of variation in the composition of milk 
It is intended primarily to establish that 
the difficulty does exist under a variety of 
conditions of dairy farming in Western 
Australia, and to collect some information 
on associated levels of husbandry. 
When this has been done further more 
specific work will need to be undertaken, 
especially on feeding practices. 
Meanwhile, many dairy farmers are 
still producing milk which does not meas-
ure up to the legal minimum in composi-
To give a full list of these reasons for 
variation would only complicate the pic-
ture, but on the other hand oversimplifica-
tion of the problem would only be mislead-
ing, and would not take into account the 
many practical difficulties met by every 
dairy farmer trying to improve the quality 
of the milk from his herd. 
There is no single rapid and easy method 
of overcoming this problem; at present it 
seems that the best solution lies in the 
continual practice of good husbandry 
methods. 
Some of the many things which come 
under the heading of "good husbandry" 
and which can help control the composi-
tion of milk are outlined in this article. 
Composition of Milk: 
Broadly speaking, milk may be divided 
into two major parts—the liquid (water) 
which normally ranges from about 87 to 
88.3 per cent., and the solids, which range 
from 11.7 to 13 per cent. The minimum 
legal limit is 11.7 per cent. 
The solids are normally referred to as 
the total solids, and for the purposes of 
convenience these are further subdivided 
tion, and sometimes suffering embarrasing: 
consequences. 
The great majority of these farmers are 
anxious to overcome this difficulty, and 
until the final results of the survey are 
available this article aims to help them by 
outlining some of the main factors which 
influence the composition of milk, and set-
ting out some of the practical methods of 
dairy husbandry which are considered to 
give some control over it. 
By adopting these, the dairy farmer who-
is having trouble keeping his milk up to 
standard may be able to get some improve-
ment in the situation, even if he is not 
able to overcome it completely. 
into fats and solids-not-fat. The solids-
not-fat consist mainly of protein, lactose 
sugar and minerals. 
NORMAL TRENDS 
Stage of Lactation 
In a normal lactation, quite regardless 
of season or time of calving, it has been 
observed that milk yield rises gradually 
until about 45 to 60 days after calving, 
then gradually declines until the end of 
the lactation period. 
The fat and solids-not-fat tests fall 
quite rapidly between the 45th and 60th 
days, then rise gradually towards the end 
of the lactation. There is a tendency for 
the solids to improve more rapidly than 
the fat. 
These trends may be expected in a 
normal lactation, where rations have been 
controlled to provide the full feeding re-
quirements for the full term of the lac-
tation. This obviously does not always 
take place on the commercial dairy farm, 
particularly when the herd is relying 
largely on grazing. 
FACTORS AFFECTING COMPOSITION OF MILK IN W.A. 
A great many reasons have been advanced for variations in the composition of milk. These include breed and the family within the breed, feeding, disease 
(mastitis), age of the cow, stage of lactation, length of lactation, weather, and a 
variety of differences put down to "individuality" of the cow. 
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4 5 8 0 Days 180 
Fig i Trends In the yield of milk and the percentage butterfat and soUds-not-fat in a normal lactation where 
feed requirements are fully met 
It is here where individual variations to realise its limitations as an indicator of 
from the established trend occur, and S.N.F. 
make it unwise to rely entirely on the 
assumption that if the fat level is satis- Seasonal Variations 
factory, the S.N.F. will follow. Because of this reliance on paddock 
In the absence of a reliable field test grazing for the nutrition of dairy cows in 
for S.N.F. the farmer must use the fat Western Australia there is a marked 
test for culling purposes, but it is as well seasonal trend in the composition of milk. 
1 1 1 i i i 1 1 i i • • 
Jan. Feb. Mar Apr May. Jne. Jly. Aug. Sep. Oct. Nov. Dec. 
Pig. 2.—Seasonal trends in the composition of milk under typical West Australian dairying conditions 
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Fats: Commencing in the spring, there 
is a gradual rise in the fat level, which 
continues until late summer. With the 
onset of autumn the fats plunge steeply, 
to start rising again in late winter. 
Solids-not-fat: With the onset of sum-
mer the S.N.F. level falls precipitously, 
remaining low until early winter, when, 
with the availability of green feed, there is 
a steady rise until the beginning of 
summer. 
This briefly and simply outlines the 
seasonal trends in fat and S.N.F. Clearly 
these trends depend on the quality of the 
grazing available. 
In addition to this trend in the fat and 
solids-not-fat there are variations in the 
quantity of protein and lactose. The 
protein tends to follow the solids-not-fat, 
and lactose opposes it. Such variations are 
reported from all parts of the world, and 
have been observed in this State. As this 
constitutes a break from the so-called 
normal lactation, it would be as well at 
this stage to try to relate these variations 
to the natural feed supply of grazed pas-
ture. 
Pasture Quality and Milk Composition 
Prom our own observations, and from 
experiments conducted elsewhere, it ap-
pears that the fat content of the milk is 
most seriously affected by the amount of 
roughage or fibre consumed by the 
animal. The solids-not-fat are to some 
extent affected by the protein intake, but 
more importantly by the total amount of 
energy consumed. Carbohydrates in vari-
ous forms, but particularly in the form of 
cereal grains, play an important part in 
the provision of readily available energy. 
These findings can be applied to the 
normal pasture season, to explain seasonal 
variations in composition. 
During the summer, when green feed is 
at a minimum, the fibre content is high— 
hence the explanation, in part, for an 
increase in fat percentage at this time of 
the year. 
Conversely, in the late winter and early 
spring, the fibre content of the pastures 
is relatively low and the protein and 
carbohydrate is high—resulting in an in-
crease in the solids-not-fat figure. 
It has been shown that the balance be-
tween acetic acid and propionic acid de-
termines the test of the fat and the solids-
not-fat in the milk. This has been demon-
strated experimentally, and in practice 
the relationship has been shown by vary-
ing the proportions of hay (fibre), pro-
tein, and total starch equivalent (energy) 
in rations. This demonstration fits in 
quite well with the normal seasonal vari-
ation under natural grazing conditions. 
FAT 
S.N.F 
Jan. Feb. Mar. Apr May. Jne. Jly. Aug. Sep.Oct. Nov. Dec. 
PASTURE 
STARCH 
EQUIVALENTS 
Fig. 3.—Seasonal trend In pasture starch equivalents related to the composition of milk. The solids-not-fat level 
tends to rise as the starch equivalent content of the pasture rises 
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FAT 
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^ ^ S . N . F 
Jan. Feb. Mar Apr May. Jne. Jly. Aug. Sep. Oct. Nov. Dec. 
Fig. 4.—Seasonal trend in pasture fibre related to the composition of milk. The fat level tends to rise as the 
pasture becomes more fibrous in early summer 
ATTEMPTS TO CONTROL THE 
COMPOSITION OF MILK 
Given a n unders tanding of these normal 
seasonal t rends in the composition of milk 
it is possible to select what appear to be 
the most impor tant factors affecting com-
position from the dairy farmer's point of 
view. Each of these can be influenced 
to a large degree on the farm, by the prac-
tice of good stock husbandry. 
These four factors a re : 
• Breeding, and particularly the 
family within the breed. 
• Disease, part icularly mastisis. 
• The age of the cows in the herd. 
• Feeding a balanced ration. 
Breeding—The Breed and the Family 
within the Breed 
The four main breeds of dairy cows in 
Western Australia are the Guernsey, 
Jersey, Friesian and the A.I.S. The differ-
ences in fat percentage and S.N.F. be-
tween these breeds have long been recog-
nised, and it is generally held t ha t the 
Channel Is land breeds, the Jersey and 
Guernsey, will give a higher test t h a n the 
Friesian or the A.I.S. 
I t is widely believed t h a t if the buterfat 
content is adequate, the solids-not-fat will 
follow. This may not always be true. 
Myers (1) has pointed out t ha t the in-
heri tance of the various const i tutuents of 
milk is approximately the same, which 
means t ha t it is possible to breed and 
select for solids-not-fat. Nevertheless the 
difference between the best and worst 
cows in the herd for solids-not-fat is con-
siderably less than the difference between 
corresponding fat figures, so progress in 
breeding for solids-not-fat is likely to be 
much slower than for fat. After examin-
ing the work of Waite, Myers concludes 
tha t the relationship between fat and 
solids-not-fat in individual cows is not 
sufficiently close to rely upon fat percent-
age as a basis of culling for solids-not-fat. 
Furthermore (2), it appears t ha t only 25 
per cent, of the production difference be-
tween cows within a herd is genetic; the 
other 75 per cent, is environmental , which 
for our purpose means feeding and m a n -
agement. When similar comparisons are 
made between herds the genetic influence 
is only about 10 per cent, the remaining 
90 per cent, being environmental . 
Obviously then, feeding is extremely 
important and offers a much quicker 
means of early relief t han breeding. This 
in no way removes the need for sound 
breeding practice, but breeding must be 
regarded as a long te rm policy. 
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Disease (Mastitis) 
As far as disease is concerned, it is 
reasonable to believe t ha t any upset in the 
metabolism or t he physiology of the animal 
is likely to be reflected in variations in the 
constituents within any of the body 
fluids—of which milk is one. 
We do know t h a t mastit is is responsible 
for reducing the solids-not-fat proportion 
of the milk, but not to what extent. In 
this respect it has been observed by vet-
erinarians and animal workers t ha t prob-
ably the most insidious form of mastitis is 
the sub-clinical form, in which the farmer 
is seldom aware of the presence of the 
disease. 
I t is therefore possible for the solids-
not-fat to be continually lowered without 
the farmer realising the need to t rea t the 
affected animals 
I t pays to ensure tha t t he herd is as free 
from mastitis as possible by regular use of 
the strip cup and careful observation of 
the cows. Preventative hygiene must be 
beyond reproach. 
In approaching any individual problem 
concerned with composition of milk it is 
always important to first inquire into the 
general heal th of the herd and particularly 
the incidence of mastitis. 
Age 
Experimental da ta so far indicate tha t 
with increasing age both the yield of the 
cow and the test of the various compon-
ents decreases. 
Some geneticists claim tha t the first 
two or three tests within the first lacta-
tion of a heifer are sufficient to indicate 
her potential production for the rest of 
her life time. The moral to be drawn from 
this observation is t ha t it should be well 
worth while to mainta in a fairly high per-
centage of younger cows in the herd. 
I t is not suggested t h a t the herd should 
be predominantly first calvers, but the old 
adage "when you are on a good thing 
stick to it", does not apply to dairy cows. 
It does not pay to retain cows of 10 to 12 
years of age in the herd. 
Of the three points examined so far, 
breeding and the composition of the herd 
on an age basis are obviously long term 
considerations. The opportunities for 
better breeding are continually being en-
hanced by the provision of artificial 
breeding services, and through them, 
greater access to high producing dairy 
sires and the availability of the Pure Bred 
and Grade Herd Recording Testing 
Schemes. These also are long term pro-
jects and cannot be expected to provide 
a quick remedy to the difficulty in an 
emergency. 
Control of Mastitis falls more appropri-
ately into the short term type of remedy 
provided the disease can be observed and 
proper veterinary attention given to the 
animals. 
Feeding a Balanced Ration 
Proper at tention to the feeding of a 
balanced ration is the quickest method of 
raising the solids-not-fat level. This 
assumes, of course, tha t the cows have the 
genetic potential for high production, t ha t 
they are free from disease, and tha t t he 
composition of the herd is satisfactory. 
What exactly is meant by a balanced 
ration? Here is a brief explanation: 
A cow requires food for two major 
purposes—maintenance and production. 
Maintenance is the food required to main-
tain the normal bodily functions of the 
animal such as reproduction, breathing, 
walking and all other normal functions of 
life. Production, in the case of a dairy 
cow, means the production of milk. In a 
beef animal it would be the provision of 
meat. 
When we speak of a ration for a cow we 
may have in mind either the food obtained 
from grazing, tha t obtained from a com-
bination of grazing and supplementation 
with hay, silage, or concentrates, or we 
may even mean a ration consisting purely 
and simply of purchased materials fed in 
the bail. 
In any case, the ration will contain the 
main essential food elements—fats, carbo-
hydrates, and proteins. Each of these, in-
dividually and in combination helps serve 
the dual purpose of maintaining the 
animal and providing for its production 
requirements. 
It has already been explained that by 
varying the proportion of these compon-
ents of the ration it is possible to vary the 
composition of milk. We know also tha t 
if a ration is varied in quantity or quality, 
we can influence production of butterfat 
S.N.F. or the total number of gallons of 
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milk—hence the ideal situation is that we 
should provide a ration for the animal 
which contains these components in just 
the correct proportions to allow her to 
produce milk of as normal a quality and 
composition as is possible and at the same 
time provide the maximum economic vol-
ume. 
This simply means then that the ration 
should not contain too much of any par-
ticular food component. If it does, it is 
unbalanced and is harmful and wasteful. 
If it contains the components in the cor-
rect proportions (which have been deter-
mined from feeding experiments) that 
ration is then balanced, and highly 
profitable. 
It is known that an actively growing 
well managed pasture in the flush of the 
season is in itself almost a complete and 
properly balanced ration for a cow pro-
ducing up to three gallons a day. Inferior 
grazing will not provide for this level. 
However, it is well known that under 
West Australian conditions, the pasture 
is in this form for only a relatively short 
period of the year, under dry land con-
ditions. Depending on the district this 
time ranges from September to December. 
At other times of the year, whether as 
dry or green feed, the pasture tends to be 
inadequate. This means that there is a 
need to add some components to it by 
means of supplementary feeding, in order 
that the final total food consumed by the 
animal for a day will constitute as nearly 
as possible a balanced ration. 
It has been the standard recommenda-
tion of the Department of Agriculture to 
encourage dairy farmers to conserve hay 
and silage and to grow summer green feed 
for just this purpose. 
However, this may not be enough. The 
amount of the balanced ration needed by 
the cow, and the total of its energy in-
take, vary according to the quantity of 
milk produced. The higher the production 
the higher the requirement. 
Even actively growing well managed 
pasture of the subterranean clover-
Wimmera ryegrass type or our conven-
tional irrigation pasture are unlikely to 
provide for more than maintenance and 
three gallons of milk a day. Beyond this 
figure, the ration will need to be supple-
mented with concentrates. 
Once the pasture has dried off, its ability 
to provide for continued production falls 
steeply. From this time until the break 
of the new season it seems likely that by 
the proper use of silage and hay it would 
be possible to supplement the ration 
enough for production of about two 
gallons a head a day. 
As the cows can take in only a limited 
amount of dry matter each day, it is likely 
that the limit of this form of supple-
mentation will be reached when silage is 
fed at the level of say 60 to 80 lb. per day, 
depending on the size of the animal, or in 
a combination of say 50 lb. of silage and 
10 to 15 lb. of good quality meadow hay. 
A cow which is capable of producing 
above two gallons at the time of the year 
mentioned is most unlikely to be able to 
give higher production figures if supple-
mented only by silage or hay. In fact, 
even if the cow were willing, she would 
probably not be capable of taking in any 
more dry matter in this form. 
At this stage we must resort to feeding 
concentrates in the form of cereals, 
meatmeal, linseedmeal, rapeseedmeal or 
other protein and energy concentrates. 
It is very difficult with these concen-
trates to obtain a quick rule of thumb 
method for balancing. In the final 
analysis, the decision rests with the farmer 
on a careful observation of the perform-
ance of his herd and the individual cows, 
to decide whether he should feed a little 
more or a little less of the supplementary 
ration available. 
If success is to be achieved, the individ-
ual cow in any herd is the important unit. 
This means that the farmer must practice 
the principle of feeding the individual cow 
according to her production. He can only 
know this if he regularly records milk pro-
duction, or preferably, is a member of the 
Grade or Pure Bred Recording Scheme. 
CONCLUSION 
These are just some of the known 
factors associated with variation in the 
composition of milk. If they are under-
stood a little better and given more at-
tention, with particular reference in the 
short term to the feeding of balanced 
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rations throughout the whole of the lac- needed and where the farmer and the ex-
tation period of the cow, and by eliminat- tension officer can co-operate much good 
ing or reducing mastitis it is possible that can result, 
the incidence of low solids-not-fat may be 
reduced. 
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F.A.O. CONFERENCE URGES STUDY OF PESTICIDES IN 
FOOD 
The health, commercial, legal and scientific problems caused by the use of 
insecticides in agriculture are to be considered at a meeting of international experts 
to be called by F.A.O. next year. 
Among the problems mentioned in a draft resolution unanimously adopted 
by the Conference of the Food and Agriculture Organization of the United Nations 
during its 11th session in Rome recently were the increasing apprehensions about 
the side-effects of pesticides on human beings and farm animals, misunderstandings 
concerning pesticide residues in food, differing government regulations on this 
matter which might interfere with international trade in agricultural products, 
the development of resistance to pesticides by insects, and the occupational hazards 
connected with the production, handling and use of pesticides in agriculture. 
Under the terms of the resolution, which was introduced by Canada, P.A.O. is 
to call an inter-governmental conference in 1962 to study these problems in detail 
and establish close contacts with the World Health Organization, the International 
Labor Organization and other international agencies on all aspects concerning public 
health and occupational hazards. In addition, a committee on pesticides in agricul-
ture, made up of a small number of international experts, would be established 
immediately. 
The delegate of Canada. Dr. W. Hurtig, said it was necessary to ensure that 
pesticides could be used economically and safely. Stressing the need to facilitate 
the movement and shipment of food products between countries, he said that 
"differences in pest control problems, differing requirements for the amount of 
use of pesticides and differences in eating habits between countries," would make 
it impossible "to negotiate internationally acceptable numerical values for specific 
residue tolerances." 
"However, if there is adequate exchange and agreement on the scientific and 
technical principles involved, the existence of numerical tolerances should not be an 
obstacle to the international movement of food. To achieve this goal, the scientists 
concerned must reach agreement on the principles, analytical methods and safety 
procedures that will be involved," Dr. Hurtig said. 
• [The Director of Agriculture (Dr. T. C. Dunne) was Australian delegate at 
the F.A.O. Conference]. 
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